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A primer electrode is formed on a substrate. A thin film of a three 
component-based piezoelectric body is formed on the primer electrode. 
The thin film of the three component-based piezoelectric body uses 
PbZr03 and PbTi03 as its basic constituents. A piezoelectric body 
material of Pb(AxBy)03 is added to the basic constituents, x and y = 
molecular ratio; and x+y = 1 . At least one of A or B has different 
concentration in the depth direction from the outermost surface of the 
thin film to the surface of the primer substrate. At least one A or B 
exerts the maximum value in its concentration at the interface between 
the thin film and the primer substrate. 

Also claimed is the production of the piezoelectric body element 
thin film by: (a) forming a thin film layer consisting of A or B on the 
surface of the primer electrode; (b) forming a thin film of a composite 
compound consisting of PbZr03, PbTi03 and Pb(AxBy)03 on the surface of 
the primer electrode; and (c) sintering both thin films. Further 
claimed is an ink jet recording head using the thin film of the 
piezoelectric body element. 

ADVANTAGE - The thin film of the piezoelectric body exerts 
perovskite crystallinity with a ferroelectric substance phase. It has 
uniform orientation and sufficient reliability or durability. The 
primer electrode has good adhesion to the thin film of the 
piezoelectric body. The ink jet recording head enables high precision 
printing. 
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(57) [Sft] 

PbZrOj /PbTiO a / 
Pb(AxBy)0 3 . (x + y= 1 ) ThZSmbW 

laOxScOJfffiJf JKIPS: 5 nm*>£> 3 0 nm£D|E 

fth^tZW&b-tZ,. Ail, Sb. Y. Mg. Co. 
Cd, Mn, Ni. Fe, Cr«Mtl*\ Bl±. N 
b,W,Te, Sb.Ta. N d^fiM^*^^. 
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SJitCJiPbZr 0 3 k> PbTi0 3 ki&fc&J&k 
U SC-KPb ( A x B y ) 0 3 . (x. y„ ti^E 
/UitfcSU x+y=l ) T*S*l4ffittf**m*. » 

3«*k tx» 3&Ltt&&mfcmmtf&&z 

«ES#|flrC. HUlEA. BC7DF^^< 1 t lfCOM^ 

& 0 . t9IBEE«*SI« k IWETttWi k OlMHfcT . lu 
ISA, Bc7)rt^< k £> lM<7)WJ£fiK WMtr^tZ 

k z^k+zmmmm**. 

m&A2l WIEHRSPb (AxBy)0 3 ^ 
(DPb (A l/3 Nb 2/3 ) 0 3 . AiiMg. Co. Z 
n . Cd, M n , N i COffltlfrftjtM 
©Pb (A 1/2 Nb 1/2 ) 0 3 . AtiSb. YVMtdp 

©Pb (A 1/2 W 1/2 ) 0 3 . Al±M g „ Co. Cd 

®Pb (A1/2 Tei/2 ) 0 3 . AliMn. Ni. Mg 

©Pb (A 1/3 Sb 2/3 ) 0 3 % AliMn, N i <7>Mtl 

©Pb (Fe 1/2 B 1/2 ) 0 3n BtiNd. TacOMtl 

©Pb (Cr 1/2 B 1/2 ) 0 3 . BiJNd. Ta<7)Mft 

npmwtifrvfo h^k *mwik t- &m &m 1 tatt^s 

ffiiiieJ±PbZr0 3 k. PbTi0 3 kSr^ffl^k 
U MfcrHfoSPb (AxBy) 0 3 . (x. y. te^ 
/Wk***U x+y= 1 ) TaStlSElKfetfflfe, 3S 
3j£#k LTiHinl/C&S 3 Jft*^««*nft& s ««5 

A. B<7)ft'J?%:<kh in<?>7tM<7>Wmmt:Bf&Lt: 
PbZr0 3 k. PbTi0 3 k££#«j£fcU 
Mt-— flsitPb (AxBy) O a . T&Ztl&EMttt 

W^JSPlSU fSfc^SS-rs^klcJ: 
0 . E«*»I8*^ - k k -f 4ff«*fWR 

OA. Bc7)rt^< k t> ia^7c*^afKiioJ*^{i. 

5 n mfrfe 3 0 n m(0Rirtt&5 u k *«fBfc t4H 

[|*#*5] ISfEHKsftP b (AxBy) 0 3 
(DPb (A 1/3 Nb 2/3 ) 0 3 . A(iMg s Co. Z 
n . C d . Mn N N i ^fSJtL^^Tc^ 
©Pb (A1/2 Nbi/, ) 0 3 . AiiSb. Y<7MttiP 



OPb (A 1/2 W 1/2 ) 0 3 „ AteMg. Co. Cd 

®Pb (A 1/2 Te 1/2 ) 0 3 . AfiMn. Ni. Mg 

©Pb (A 1/3 Sb 2/3 ) 0 3 . AteMn. N i c^MiX 

©Pb (Fe 1/2 B 1/2 ) 0 3 . BJiNd. Ta<7)Mfl 

©Pb (Cr 1/2 B 1/2 ) 0 3 . BliNd. Tatf)Mtl 

<9fiOMtUrC*£ d k £W»fci-4»*«3 ifclA4 

[lt*S6] PbZrO, k. PbTi0 3 k£«# 
fflfcfcU StC-^^Pb (AxBy) 0 3 . (x. 
y. l±*/kifc£f*U x + y=l ) TSSftSEWW* 

m*. m3&ttkLxmtoLx%z3mtt&Emmm 

»3#|fiTt\ MIS A. BcO^<ktll«^I 
* 0 . M EffittttliBI k MET««@k <0#HKT . bu 

isa. bcoi*i^< k t> i m^m&tfiw^&^^t^ k 

[ft#B7] t?jlS-^Pb (AxBy)0 3 ^ 
(DPb (A 1/3 Nb 2/3 ) 0 3 . AiiMg, Co. Z 
n . C d . Mn, N i COffitlfrCOTtM 
©Pb (Ai/s Nbi/2 ) 0 3 . A{4Sb. YCDffitlfr 

©Pb (A 1/2 W 1/2 ) 0 3 . AliMg, Co. Cd 

©Pb (A 1/2 Te 1/2 ) 0 3 . A(4Mn. Ni. M g 

©Pb (A 1/3 Sb 2/3 ) 0 3 . AliMn, N i CDMtl 

©Pb (Fe 1/2 B 1/2 ) 0 3 . BBNd s TaCOMtL 

©Pb (Cr 1/2 B 1/2 ) 0 3 . BteNd. TaCDfiTil 
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[ooo3] zti^sM^mmm^t. i^v^y^m 
cr>T®mm±.iz&n#.mmzm®.ixffi!$.2tL&. sm 

[ooo4] nriaE«*WHiirtfc»v^ . smrafrc 

££k&£±frkU Ti, Zr, Ta, W, Mo. RV 
Nb<0teJ>*< k t-imStiittflWWS* 
IfcWMMttVCH* 1 8 1 7 6 6^ 

M4e&2ttP*5i*>A05 *>4*5K k i l a^7C*S: 

m^ammm^mm. ?±A-rs^Sk*^$tirv^ 

& ( - 6 5 7 1 5*£tt) . 
[00 0 5] 

[^* ? ^iL J: 3 fc-TSilS] ±E«*S»<0*Sfc: 
iriltf. TfttWS-WsBfttt, Ertltt^flHifc^n^ 

k tfHMMfcWMff £> k u -5 *iJj££#S i k *»ffi* 
fiW* £ k *^S^^k . WlsWHHte A 6 s JE 

mtmmmttm^M y? >y hcflpvy viztsw 
iimitT®Mmtcr>®m&znzt*ii,z. rtmrnt 

mMbKZ. Hua««*Sffi-C(4. vI<0T«l1i«ikE« 



[0006] mmt&mrtmrtiiz, Tfft««Jttj% 

ftSfi&Jhfc:. 2 nmffliico^y T 

i/pt/sio, /s imBm&mfcti-jftkim 

SSixTV>S (H^Texas Instrument 

s ^ fit4 2[gjemwi¥BQffs^iiMiA) . t*»u 

yoJ$»#2nm<9%&J4, S&Jb^f-^i'te, 

*«i«<oan=e A«ffi k Enroll r&]±§ 

tf&fc:«4M4>3:^. 

[0007] *#W4, £^«t 3 *KttS[*«Hfci-4 
b LXZnmmttMzftMiSit&mz, T«M±te 

TtttmSkS^*?SMk^*f4^#a£ 
k. £«J:3ta^Lfcff*fls!fIR*^£JIJv\ ftW^E 
^EP^^^k^-f y?y'x >•/ MBfi^v h'^JKW- 
■5> £ k * "Cifo'S) » 
[00 08] 

«, atfSUiKTtlWfii^JfiSit, T*««±W4Pb 
Zr0 3 ks PbTiOg k*S*H«i:U MtC-^ 
iSPb (AxBy) 0 3s (x, y. MFEAtttftU 
x + y=l ) T*$<i6E«fls«S*. ^3fi!c^k LT 

m»c2*ai**rtir. a s B^^<kt,iaomK 
«oi*Ejwat< k *> im<ommrfm*:mz*-fz t sr^mk 

££T— &5frt'A<07C§gtt. Sb. Y, Mg, C 
o s Cd s Mn> Ni, Fe, Cr (Vftfflrfr^ HK3^ 
4>BC07C*(i. Nb« W % Te, Sb. TatfOrtMil 

[ 0 0 0 9 ] 4fc, *f^OSVftm9R7<r}Wt^& 
(4, TilSWWBBfc:, ffH^^^m3fi!c*T"J>l)1tria 
A. BWrt^<fcfcl»^)7c3IW»nMI«r. 
nmK3 0 n mtf>«Hl%0ffiSfc3gJff LfcSfc. PbZ 
r0 3 k, PbTi0 3 k^«2fcfflmkLs ®cHK^ 
Pb(AxBy)0 3 . -C^§tlSff«#:«iPK0a^fk 

[0010] KtCsfsIS^^ 5^* >v MB«N7 H 
14, PbZr0 3 ks PbTi0 3 t5S**MtL, 
Sg£— J&3»£Pb (AxBy) 0 3 . (x s y. «4^A-Jt 
^*L. x + y=l) -C^S*L6BEI»Wm*. m3j« 
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mMn^mizm&mzJrftT'. a, bcop^^k 1 1 i 

[00 11] 

TOLLfctePbZ r0 3 PbTi0 3 fc £*#&D& 
tL. Hfc— JS^Pb (AxBy ) 0 3 , (x, yji 
^E/WbfcaiU x + y-l) T«S<i&EE**tm*. 
*3«*i: LTSfc&llLTfcS 3 jft##EE«*SlS8jWft£ 

«ttf^^3^Tft-s.mriHA. Beort^4<tti ia 

«D7E*?)jIJSIJf -?-C0JI^$: 5 nra*^ 3 0 nm«® 
BrtTJBJfcLfcSL PbZr0 3 /PbTi0 3 /Pb 
(AxBy) 0 3 T*S^&ff»WlfW>*£flte*l£ 

ai3«#<?37E*A, B, «VittAtB«5l^W5'-H 
W7-(Seed Layer) i: 5 ^ 9 > JEEWfctf>$S 

[0 0 12] 2*:. *%B^JE«#^^^i1ri^C07t 
SRA % B, ^V^iAtB^^COffK^^S^-K 

ariftrc „ friBA. b«oi*i^< tt> la^siKi^^— 

T«±7tJgA, B<ort^&<fcklS<9iSJ&#*iS<. JE* 

#aEwat*i v ^xa«<o«BH*^t«* mm- 1 z t 

[00 13] 

[OOUliSll WiS i J|t3SA£«&ftj3Lft:. 
SiSSll fcffiiHFfcT 1 1 5 o x >y MMl£ 
«tO. S1MK1 l<^B±CJI§10 00nmWSi 
0,T*5»ffcKl 6£#j£Lfc. S i 0 2 BftRl 6 

AM 0 nmKSri i ?&&Ltz. Wt/mZm 3 



i 0 Z JtfcJi. Bt<^y^ttKJ:0. JS»35*10n 
mcTH-^y/f. J¥^#8 0 0nm<7)&&Jl<0?Iffl£:J&£ 
Lfc . JVfeSftBS 1 6 ±CDWm&&. Pt/Ti/T 
i 0 2 / (S i 0 2 ) T**T**fil 2jmU. 

dOio^lffiBKCL^H MU lkTSWWi 
2fc<0^tt£«#-f JEfc. TifcttSl 2 

«W5nmC5:6i?iSLt (H^L3rV>) . 

[0015] Tvmm i 2±cc^-ri.ffi«;*?fK 1 5 

BtcW&si-yfcfiyaU PbZrO, /PbTi0 3 / 
Pb (Mg 1/3 Nb 2/3 ) 0 3 fcL^:. <I<OEEttttslM 

[0016] 5tiV^Srfe[T<OS«fC^*Ufc. mit 
ISO. 10 5^/K ^3-'>A7-kf/l'7-feh-) — b 
0. 04 5*^ iffi"7^>">A0. 0 0 5*^*3 
0ml-5DSiS^fcV^Ts 1 0 0*CfcJffiRUTSffl»S-e- 

^fv-h'O. 040^, ^.y^xh^^jJ-7'0. 01 
0*/l'&xf-;H:n7/U:/5 Om 1 fcjgfSSifT^&DL 
fc. mzT^JVT-t V Vk 3 0 m 1 jStafC^fcS 
■tofcflL ,if'jifi/y/ l Jn-^#4 0 0 
SMM 8 0—420) ^V;k4»<0*«» 

[0017] ffi&<7)^ TflfittfiSl 2±tC^ftJt-3T7'<7) 

»&ji±£. mi-/)^^y^-hvm^L. 400 

•CTffitS&fcL*:. 75>y:?£±t&.r£ : 3:<. Hi¥#*3 
0 0 nmT$>l»^B«^7L«^Hf)H 1 3 fc#j£L 
fc. ULh. 0 1 <n ( 1 ) . Ktcywolfeffifc . 4 0 0*C 
0D«MDRS:2aB»0jiU» 0 0 nmt'S>l>^7L 

«y';t^tH 1 3 *m Lit. J2LL. Ml?) (2) . &lz 
RTA (Rap i d Thermal Anneali 
ng) £ffltvC. 7"\sT--)V*mLtz« BD*>. 
H^tCT. 5^T-6 5 0°C(;ML. l#ISir«Offl 

<&igT#?L«^N«K 13 2:. J¥^#*6 0 0 nmtfcS 

&stmvm&$m ukifc. jjll. 01 o ( 3 ) . 
[0018] m?w?f)i'Zz-vy^- vx-mMLx 4 0 

±, MM (4) . ^tcRTASrffl^Ts WSS^rUT 

^^?L«^';H1^1 31±. «ftfl»*« 1 2 0 0 nmO 
*Sfi«<oa?^«ISl4i:^-5fe. BLh. HIO 
(5) . 

[0019] J*fi«<0®5&^aPJRl 4 £7* hL' 

^h£^-LT*^7 virCX-yf-y^Ls U-^'Xb?- 
IMBLfcia,. RTA^MV^Tft^rx-^SrJSLfc. J: 
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;«I»f^ *ttT-— A*>ifi£irc* 12 0 0 
Ulh. Hl«(6) . 

[00201010(7) iC^r-TiatC. JE€ft?$$ll 

Lfck£*>, ttl$«^t± 2 0 0 0. JEmM5£3&i i 
1 50pC/Ni:fiifcttt^Uc. x-y?X 

[002 11 TJMWl2±C)a«Lit, S— KHT 

m i o ( i ) iz&itz pnMWHm 1 3 * , 50 

0XJfcT*l£LT. -?-<7)BJrffi£SEM (jtaarestt 
SI) fctflRUfc. TffiTOl 2 

[00221 tt»tf>«3!EDgL 0 1 <T> ( 6 ) Kft 

XPS (X^X&ft^B^S:) k##XO-f 

x.yf-y^k *«JW Si k-CPaSLfe. ^O^*. JE 

ft4^*Jtk£^6*v^Jt^£ftfc. (P 
b:Zr:Tl:Mg:Nb) = (l. 00:0.4 
5:0. 40:0. 05:0. 10) -C*S. J±«fl^ 
§11 5<aXD^TJtni 2KrtB6»3fc:ll!^. 
*7a*A>ttt&S < =fir* . JE*tt»W l 5 <b« 
§ 1 1 0 0 n m&tiBfc » Sflf S 1 1 0 0 n 

±.tf~otz. c\<DZbii. W&fiK PbZr0 3 /PbT 

io 3 /Pb (Mg, /8 Nb !/3 ) o 3 Th&mmi*m 
mi sicawc. smimmi 5*>*iiro»fcTt«Mi 
2cr>mmz^&m2Jjfox\ msm»t txmuztiK. 
-xrmmtfmz*). imimmkTtmmt^m 

[ o o 2 3 1 1212 li. z^mmfrmxif^trc&mtm 
mmttm^ttftwcoj vw*. •? hen*"? h*, 

lc<i. WSmttcZ. S i 0 2 attftM2 2£&&S&F 

fcT#«u m&nxmx-TimmzsbEmm^ 



y^xy\-icM*ttx.yf-v^J:0(SO. 3mmc0}f 

R2 7*#«l,fc. WKrkfllBftT'f Me 
Ifx-y h'£«<^:£T. y?SrttHi3-£fckc:%» 
'SrBtaj** 1 ^^^. £<04 y? y'x >y MEftNy H 

k. &*?&W^p«##£>*t*:. 7thx 7 f^ffl 
v * l> aMMMbPTOr s l 

[00241 CltfM y ? j^'x <y h^-y FOT^xX- 
?-k LT««lfi*jR^£EWWIlBI^FO«Btt^ll 

set**, asttw«tAKBfc*K^n:. znmm^ 

> »J u y>7x;\- k T*«S, T«£«Kk JEEWtflflK, 
to^esaia^ikTfti. *%aj^y^y"x-x h 

[00251 JSfc, -f y?y'x7 hfE^^-y Yn79 + 

tt&naE-rs^. i*a«**6o\;, (kek* 1 - 2 o'cw 

*Ui. ^y?y'x -y Me^sn^^M^TT^-r-^ 

Iffa k PI t *p < . ffiSft^fMoltB§«^ k J±m^£i& k 
Sr«OELfc. itOT*kJE«MSiStkttc-e 

Ttfi«sks*f*:«K. ^(rmmwfmm 
uztix^zztzmzLtz. ap*>. *^obe«^ 

[00261 mtm 2 ) mam 1 «o*j*t* . Ttamfls 

1 2±£#j£i-4— sJ-ncJ:*^- YV-iT~m<n>m?>- 
Sr, lOnm, 15nm s 20nm, 25nm. 30n 
m, 3 5nnu 4 0nmt»l:ML, #^<7)ffi« 

T*ft«ffil 2^«ffi^J«. V/KOft^fflj«, ffi«f*J»i 
1 5<0»*. ±«ffil 7c7)«K, RvsmfommmTco 

mMJimimxmm 1 1 ra-t t^. 
[00271 SSffdiK 1 5 ajtmra&tf 

i*ks ftteffiTf*ik*<W!8Ufc. TflMBfii 
1 2 kJE«fr?f R 1 5 k x^-^tc J: h is- 

Vl/-lT—<M¥-frtf3 0 nmJ£<0<sril<0^^i3^Tt 



[0 0 28] T«fi««61 2tE«#:^l 5tO#Sfc 

fc»t^»^tfi£^'f bco^ii. mmmi t nt< 500 

o&HtiEmttilJSt l 5 £W-fcv^%-(::IEft 

m&.miwMmt%?>m2iii 1 oonm^9 

0 0 n mCOffiSl[*|-eS>^^:. 

[0029] (mmm3 ) £.mimmzBfcf&tt.¥® 

PbZrOg /PbTiOj /Pb (Ni 1/3 N 
b 2/3 ) 0 3 t&S«f*£illiRL^. V/Uffl^fi, SlJI 

tVZUm Lfc . * O^kBteSWJ 1 4: RRO . 0 0 5 

-kU. TiMSl 2±(c^-r-S-^-f ;: t'^r-tc 
(±. --y^/M&SUHU nm, lOnm, 

15nm s 20nm. 25niru 30nm, 35nnu 
4 0nmfcg[^ltMt. &«<r>i<>-YV4T-<om 

1 l<0#«, Tttflffil 20®Sff£. fiEflfloISU 5 
<OJ¥* s 7*>*flL &VJE«*»Baf?W«3S 

[0030] £<%Hrrcfft£U£. 

(±2000. E«S^»{± 1 7 0 P C/N t JUffSrtSS 
ZWz. Tim® 1 2 fcffim#??J5£ 1 5 fc^)«f3»ttteW 

[0031] rtfimflgi 2tEMtmmi s t^mrn^z 
*$»t58t£j*iM Ycrm&it, mmn tmi< 500 
-cx-nmrnkn s e umuz x oasis *u «&r-- 

rt'O&KJiJEmttHflK 1 5 ^frC v *X £ft LfcfSIMfc 

0> «K^S**»*t i Sr4»Sfil 10 0nmK9 0 
0 n m <DKBl*l"C h *> tz . 

[0032] 3»6W3l:raC<. BEttftW 

Jl^fi^Mt^ffl/fo^ PbZrO a /PbTiO a 
/Pb (Ni 1/3 Nb 2/3 ) 0 3 fc&4WB*jHRU 
tz. WHlJfclis HifeM3fc|s|-fct^. Tftfe«®i 2 

itk 10nm s 15nm, 20nm. 25nm > 30n 
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m, 35nm, 4 0 n mfcglgWC^JjfcU %r«<r)l/- 
fz. flU WR\ 10i*fJL TiMfil 2<7)mffitft£. 

eimii 5com*-. ±mmi 7<vwg. axmwfc 
mmm^mmMiimxmmmi. 2 S 3tm-tt 

tz. ■ 

[0033] ifmTTMLfc, JE*tt«HI*T*> 
(±2 0 0 0. ffilS5g$C(±l 7 0pC/NtftFj:fiI 

h&mmmz. m&itztzzn. -f^n-hfia 

Lfc. l$*iHi»iSE<&5r< . ffioT*5KH<0 

[0034] TifimfiS 1 2 fc jEVflm 1 5 tcoRffilZ 

tsnzmitifrj Y<nmi\*. natwii:Ht<5oo 

tWW^) S E MS^tc J; 0 ft^T-- 
j3(t?.-->'^/Wi;-^7'tf0jftJg^(±*SftM2. 3i(J 

Briai«Tfe o . m&mitfmit noon 

m*»4>9 0 0 nmCOWifflfoX'fo-otz* 
[003 5] (mmm<5) — SKPb (AxBy) 
O a . (x, y. (±^^it$r^b. x + y=l)T*fi§ 

TC^SrilfflU. fra*ft«U 2. 3, 4. kR«<0fF 
m4»fe*ifcBK#»*3R?-S:fflv^^ >y MS 

[0036] Pb (Co 1/3 Nb 2/3 ) 0 3 , Pb (Z 
ni/3 Nb 2/3 ) O s s Pb (Cd 1/3 Nb !/3 ) O 
3 , Pb (Mn 1/3 Nb 2/3 ) O a . P b (Sb 1/2 N 
b 1/2 ) 0 3 . Pb (Y 1/2 Nbt/j ) 0 3 s Pb (M 
g,/2 W 1/2 ) O s s Pb (Co,/, W 1/2 ) 0 3 , P 
b (Cd 1/2 W 1/2 ) 0 3 % Pb (Mn 1/2 Te 1/2 ) 
O a s Pb (Nit/j Te 1/2 ) O s s Pb (Mg 1/2 
Te, /2 ) O s , Pb (Mn 1/3 Sb 2/3 ) 0 3 , P b 

(Ni, /3 Sb 2/3 ) 0 3 . Pb (Fe 1/2 Nd 1/2 ) 
0 3 , Pb (Fe, /2 Ta l/2 ) 0 3 , Pb (Cr,„ 
Nd 1/2 ) 0 3 , Pb (Cr 1/2 Ta 1/2 ) 0 3 . 
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